Introduction
Studies on renewable energy sources such as wind and sun continue to hold popularity. [1] . The limited availability of fossil resources and the environmental pollution they cause make clean and sustainable renewable energy sources advantageous [2] - [3] . Among environmentally-friendly energy resources, wind and solar energies are at the forefront [4] . By the end of 2014, 89 countries had wind turbines, and 59 had PV panels installed, some of them being among emerging and developing economies ( Figure 1 ) [5] . As seen in Fig.1 , wind and solar energies hold a key role in global electric generation.
There are various researches on how to improve the efficiency and make the installation of wind and PV energy systems more cost-effective. In relevant research in the literature, to reach maximum power, several algorithms and controller such as SST k-ω turbulence model [6] , improved differential evolution and bee algorithm [7] - [8] , Piezoelectric energy harvester [9] , adaptive neuro-fuzzy strategy [10] perturbation and observation (P&O) [11] , fuzzy logic, incremental conductance [12] , current control loop [13] , FPGA and DSP [14] controller etc. have been proposed and applied There are various researches on how to improve the efficiency and make the installation of wind and PV energy systems more cost-effective. In relevant research in the literature , to reach maximum power, several algorithms and controller such as SST k-ω turbulence model [6] , improved differential evolution and bee algorithm [7] - [8] , Piezoelectric energy harvester [9] , adaptive neuro-fuzzy strategy [10] perturbation and observation (P&O) [11] , fuzzy logic, incremental conductance [12] , current control loop [13] , FPGA and DSP [14] controller etc. have been proposed and applied.
The output power of a wind turbine and PV panel significantly varies depending on wind speed and solar irradiation/temperature respectively. So, every wind turbine and PV panel has a very unique power performance curve. The most relevant goals of PV/Wind hybrid energy systems include cost reduction of the power-converter stage, increased efficiency of wind turbines, PV panels and converters, and considerable improvement in converter/inverter reliability and in order to collect the maximum available power, the operating point needs to be tracked continuously using an algorithm.
Nowadays small-scaled energy generation systems are gaining popularity and they offer the facility to generate electricity at the place of consumption (on-site electricity generation). The popularity of these small-scaled energy generation systems has led to the creation of small and strong converters called micro-inverters [16] . Micro-inverters are module-based inverters that have sparked much interest recently and offers a host of advantages, such as low converter power rating, low power losses, accurate maximum power point tracking ability [17] . Thanks to these inverters, the electric energy obtained from the small, strong wind and PV energy systems can be directly transmitted to the grid. Moreover, the highest value of power from these micro-inverters can be accumulated in a single bus and supplied to the grid. This study focuses on an optimization of micro on grid PV/Wind hybrid energy system, the output voltage of the wind/PV hybrid system, connected to the grid with micro-inverter, has been constantly measured at certain intervals. In case the measured values are below the maximum power, the input voltage interval, the DC (direct current) at the output of the hybrid regulator was increased by the battery and thus the power transfer to the grid was continued. In this way, more power is transmitted to the grid by making use of the power obtained from the hybrid system as well.
Material

PV Model
The PV models are the type of systems that convert the radiation and heat they are exposed to directly into electric. The obtained electric is in the DC character and the most popular model used to represent the PV module is the current source in parallel with a diode, with a parallel and series resistor [18] . This is shown in Fig. 2 and the equation of the circuit in Fig.2 is given in equation (1).
Figure 2. Equivalent circuit diagram for PV model
Solar cells have a current source that are connected with a parallel diode and resistance, to which a serial resistance is connected.
(1)
In the equation above, I is the PV current, V is the PV voltage, Rs is the series resistor, Rp is the parallel resistor, Ig is the light-generated current, Is is the diode's saturation current, and a = AkT/q, where A is the diode ideality factor, k is Boltzmann's constant, T is the temperature, and q is the charge of an electron.
Wind Model
Wind turbines are the most important elements of wind energy conversion systems; first they convert the wind-like moving air into mechanical energy and then to the electrical energy. As shown in Fig.3 Wind turbines can be categorized as those with vertical axis and those with horizontal axis. Vertical axis turbines operate in all directions of the wind while horizontal axis turbines can operate in both wind direction and against the direction of the wind (upwind). The power that can be obtained from a wind at V speed is correlated with the mass flow passing through the circular sweeping area that the turbine sweeps. While the diameter of the turbine wing is noted as (D), the radius is (r=D/2). By using the are of the circle (πr 2 ), we can find the area (A,  m 2 ) swept by the wing as shown in equation 2 [19] . ( kg/m 3 ) being the air density, the wind power (P) related with the mass flow can be calculated by equation 3 from m= ρAV. Figure 4 shows the PV/Wind hybrid energy conversion system connected to the grid; where the DC / DC converter regulates the DC from the PV panel output and gives it to the DC bus, the AC / DC converter converts the AC from the wind turbine output to DC. The charge regulator supplies the DC that charges the battery. By the on-grid inverter the DC power from the DC bus output is converted to AC power and transferred to the grid. On-grid and micro-inverters are examples of DC / AC converters used in these systems. The full power voltage range of the micro-inverter's DC input used in the on-grid system is 30-50 V. In the proposed algorithm, the full power minimum value of 30 V (VMVR) of the inverter is taken as the reference value. The battery voltage used in the supply of DC loads in the system is called VBATTERY. In this algorithm, first the output voltage (VH) of the PV / Wind hybrid system is calculated by voltage divider resistors and this calculated value is given to the A1 analog input of the Arduino Mega Card. Then, if the measured VH value is above VMVR-VBATTERY difference and below the VMVR value, the digital output pin of the Arduino mega board active mode (1) is serial connected to the DC generator hybrid system output and thus the input voltage of micro-inverter is increased. This way, the energy transmission of the on-grid micro-inverter to the grid is continued. When the hybrid system output voltage value rises above the VMVR, the battery is disabled with the D1 pin being passive mode (0). This way, by the iverter's being active, the low powers at the output of the hybrid system can be made use of as well. The flowchart of the proposed algorithm is provided in Fig.5 . 
PV/Wind Hybrid Energy Conversion
Experimental Setup
The Experimental setup is seen in Fig.6 . The Universal motor shaft is coupled with 500 Watt AC 24 wind turbine. With the speed regulator, the Universal motor is adjusted and in line with the speed, 3-phase alternative voltage is obtained. The 100 W PV panel is installed on the roof; depending on the radiation and temperature, DC is obtained from the PV panel output. The 3-phase turbine output and PV panel outputs have been given to the hybrid control card input, the DC from the hybrid control card output is given to the on-grid micro-inverter's input. The micro-inverter is 600 W and the VDC full power voltage range is 30-50 V. There have been used as battery voltage, 12 V, as DC load, 10 W LED lamp, as a control card, Arduino Mega and for DC and battery, a charge regulator. The block chart of the experimental setup is given in Figure 7 . The 600 Watt inverter is connected directly to the grid. The 10 W LED lamp is supplied with the charge regulator and the battery. The working of the proposed system is as follows.  If the DC received from PV/Wind hybrid circuit is enough, the inverter will give energy to the grid. If it is above the VMVR -VBATTERY difference and below VMVR value, the D1 pin of the control card will activate the T1 transistor conduction. Figure 9 shows the voltage range in which transistor 1 or 0 (on/off) is in conduction. The T1 transistor controls the RL relay. As the positions of the relay contacts change, the battery will be connected serially to the PV / Wind hybrid circuit to increase the inverter input voltage to the maximum full power voltage. This way, the inverter is prevented from being turned off at the PV/Wind hybrid power stage, which is not very low. Solar irradiation, PV panel output voltage, turbine output voltage, hybrid system output voltage and inverter input-output voltage parameter values and responses of the system are displayed in Table 2 below. Depending on the solar radiation, Table 2 shows the voltage values obtained from the PV panel, wind turbine output voltage and the inverter input voltage values that are obtained depending on the hybrid system output values. At the same time, Table 2 shows the hybrid system output and inverter input-output voltage values provided from an external DC source by disabling PV and Wind system. As shown in Table 2 and Figure 10 , the hybrid system output values varying according to the environmental conditions, are taken into consideration by the proposed system algorithm and the battery is put in the system and taken out successfully. 
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Results
The PV/Wind hybrid energy conversion systems' output powers vary depending on the wind speed temperature and solar radiation.
In the study conducted, the output voltage of the PV / Wind hybrid system was tried to be optimized in consideration of the minimum voltage value that gives the maximum output of a microinverter. To achieve this, the battery on the DC load side is increased slightly with hybrid system power battery support at the very low level, thus maximizing the power supply of the micro-inverter to the grid. Therefore, energy continuity is increased by making use of PV / Wind hybrid system power values which are not very low.
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